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I 
摘  要 
 
随着科技的进步及互联网的发展，数字图像成为了我们生活中最常接触的信
息载体之一。现实生活中，我们经常使用相机或者手机拍摄照片作为留念，但是
这些照片总是会被一些外界因素损坏，如拍摄场景中窗户或者玻璃的镜面反射。
为了提高图像质量，减少反射光的干扰，人们尝试使用各种各样的方法来去除镜
面反射，但是这些图像处理结果中都还存在或多或少的反射信息。因此在此背景
下，本文依据实验输入数据的不同分别研究了单幅图像镜面反射去除技术与多幅
图像镜面反射去除技术。算法目标旨在前人的工作基础上，减少前提假设与图像
处理期间的人工工作量，尽量少使用额外的软硬件设备，得到更快、更优的镜面
反射去除算法。论文主要的研究内容与贡献如下： 
1、结合 GPU 并行化技术，研究并提出了一种基于 GPU 的去除反射的算法，
完成了对基于重影去除镜面反射算法的加速实现，算法速度快于串行处理速度
（约为18倍）。利用非局域聚类稀疏表示方法提出了基于重影去除镜面反射的图
像修复改进算法，提高了输出图像质量。 
2、利用图像梯度相对平滑的性质建立了基于梯度相对平滑性质的模型，提
出了一种基于梯度相对平滑的镜面反射去除算法。算法对于含有高光区域的图像
处理效果突出。 
3、根据输入图像序列背景层与反射层的运动的差异提出了基于运动的镜面
反射去除算法。算法相对单幅图像镜面反射去除算法输出效果更佳，图像更清晰。 
针对数字图像，本文在保证图像处理质量的前提下通过 GPU 并行化技术提
高了基于重影去除算法的运行速度，课题对如何提高镜面反射去除效果的算法的
研究取得了较优的结果，并期望进一步提高算法的普遍适用性。 
关键字： 反射去除；并行计算；图像修复 
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III 
Abstract 
 
With technology developing and the advent of the internet age, Digital image has 
become one of the most important information carriers in our lives. However, 
reflections of windows or glass panes always destroy the photograph that we want to 
take by camera or phone in life. In order to reduce the interference of reflected light 
and improve image quality, people have tried various ways to remove reflection from 
the image, but image processing results of them still exist some defects. Therefore, 
under this background, this paper studies single image based reflection removal 
technology and multiple image based reflection removal technology according to the 
difference of input data of experiment, respectively. In combination with former work, 
the goal of this paper is to get a faster and better algorithm for reflection removal and 
reduce the assumption and the human workload during image processing, the use of 
additional hardware or software equipment at the same time. The main research 
achievements are shown as the following: 
1. With the development of GPU parallel technology, this paper puts forward a 
reflection removal algorithm based on GPU, has sped up reflection removal algorithm 
by using ghosting cues, and the GPU-based implementation is faster (up to 18 times) 
than the CPU-based implementation. Besides, an update algorithm is proposed using 
the image restoration method of non-locally centralized sparse representation in order 
to achieve the requirements of higher quality of the image effect. 
 2. Based on the relative smoothness of the image gradient, we build our model, 
put forward a reflection removal by using relative smoothness algorithm. 
Experimental results show that the algorithm has outstanding detection effect for high 
light area of image. 
 3. A motion-based reflection removal algorithm is proposed according to the 
difference of the motion fields for the reflection and background layers. The algorithm 
has a better output effect compared with the single image based reflection removal 
algorithm, and obtains a cleaner image. 
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IV 
 For the digital image, this paper improves the speed of operation under the 
premise of ensuring the quality of image processing using the GPU parallelization 
technology, discusses how to improve the effect of mirror reflection removal 
algorithm and obtain the optimal results, expect to further improve the general 
applicability of the algorithm. 
Keywords: Reflection Removal; Parallel Computation; Image Restoration 
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